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(54) Organophosphorous composition, method of producing organophosphorous compound, 
polyester composition and method of producing the same 

(57) A polyester having a good color tone can be obtained by using, as an ester-forming component, a compound 
derived from an organophosphorous composition comprising an organophosphorous compound represented by the 
general fonnula(1): 




(1) 



wherein and represent an organic group or a halogen atom, and m and n represent an integer of 0 to 4, provided 
that R^ and R^ may be the same or different when m or n is an integer of 2 to 4, and a divalent metallic compound in 
^ an amount more than 30 ppm and not more than 2300 ppm in terms of a divalent metal based on the organophospho- 
reus compound. 
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Descripti n 

[0001] The present invention relates to an organophosphorous composition comprising, as a principal component, 
an organophosphorous compound represented by the general fonnula (1): 

5 

0=P — o 

15 I 

H 

wherein R*" and represent an organic group or a halogen atom, and m and n represent an integer of 0 to 4, provided 
20 that R'' and R^ may be the same or different when m or n is an integer of 2 to 4, and a predetennined amount of a diva- 
lent metallic compound. 

[0002] The present invention also relates to a method of producing the organophosphorous composition repre- 
sented by the general formula (1). 

[0003] The present invention relates to an organophosphorous composition comprising an organophosphorous 
25 compound represented by the genera) formula (4): 



30 




o=p — o 

I 

A 



40 wherein R^ , R^, m and n are as defined above and A represents an organic group which is the same as or different from 
that of R^ and R^, which is derived from the organophosphorous compound represented by the general formula (1) In 
the organophosphorous composition, and a predetemnined amount of a divalent metallic compound. 
[0004] The present invention also relates to a polyester composition comprising polyester having a predetemnined 
amount of a phosphorous atom related to an organophosphorous compound wherein an organic group (A) in the gen- 

45 erel formula (4) Is an ester-forming functional group (B), and a predetennined amount of a divalent metallic compound, 
and a method of producing the same. 

[0005] The organophosphorous composition comprising the organophosphorous compound represented by the 
general fomaula (1) or (4) is used for various purposes, for example, raw materials for polymer compounds, lubricating 
oils, antioxidants for organic compounds, flame retarders, plasticizers, bactericides, color protection agents, polymeri- 
50 zation initiators and the like. Particularly, those wherein an organic group (A) in the general formula (4) Is an ester-fbrm- 
Ing functional group (B) are useful as a copolymer component of the polyester, and are capable of producing a flame- 
retardant polyester. 

[0006] Organophosphorous compounds (also referred to as "DOP", hereinafter) such as 6-oxo-(6H)-dibenzo- 
(c,e)(1,2)-oxaphosphorine, which are presented by the general fomiula (1), have hitherto been disclosed in production 
55 methods described in Japanese Examined Patent Publication (Kokoku) No. Sho 47-1643, Japanese Examined Patent 
Publication (Kokoku) No. Sho 49-45397 and Japanese Examined Patent Publication (Kokoku) No. Sho 50-1799, and 
recent publications such as Japanese Unexamined Patent Publication (Kokai) No. Hei 10-1490, Japanese Unexamined 
Patent Publication (Kokai) No. Hei 7-145185, Japanese Unexamined Patent Publtoation (Kokai) No. Hei 8-99983 and 
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Published Japanese Translation No. He! 10-610545 of the PCT Application. 

[0007] OOP has been produced by reacting an orthophenylphenol compound (also refen'ed to as "OPP", hereinaf- 
ter) represented by the general formula (2): 



70 




15 wherein R\ R^, m and n are as defined above, with a phosphorous compound such as phosphorous trihallde (PX3: X 
represents a halogen atom), condensing the reaction product with heating in the presence of a Friedei-Crafts catalyst 
containing zinc chloride to produce a compound represented by the general fonnula (3): 



20 



25 




wherein R\ R^, m and n are as defined above and X represents a halogen atom, and hydrolyzing the compound (also 
refen-ed to as "DOP-X", hereinafter) with water under heating. 

[0008] In such a method, however, a zinc compound such as zinc chloride as the Friedei-Crafts cataiyst used in the 
production of DOP-X is remained in the resulting DOR Since the divalent metallic compound such as zinc compound 
35 forms a complex with DOP thus fbmiing an insoluble matter during the reaction between DOP and the other organic 
compound, DOP containing a small amount of the divalent metal is required. 

[0009] In case a compound derived from DOP, as a flame retarder component, is used In a copolymer component 
of the polyester, an antimony compound such as antimony trioxide used as a polymerization catalyst of the polyester is 
reduced by DOR thereby causing a problem that the resulting polyester is blackish. 

40 [0010] An object of the present invention Is to provide a composition containing DOR which does not form a com- 
plex during the reaction between DOP and an organic compound and can satisfactorily maintain a color tone of the 
resulting polyester even in case of using a compound derived from DOP in a copolymer component of a polyester. 
[0011] Another object of the present invention is to provide a method which can produce DOP whose zinc content 
is reduced to the degree where a complex is not formed during the reaction with an organic compound, and to provide 

45 a method which can produce DOP capable of satisfactorily maintaining a color tone of the resulting polyester even in 
case of using a DOP-derived compound In a copolymer component of a polyester. 

[001 2] A still another object of the present invention is to provide the DOP derivative composition described above, 
and to provide a polyester having a good color tone and a method of producing the same using the DOP derivative com- 
position. 

50 [0013] The present inventors have studied intensively to solve the problems described above and found that the 

objects described above can be attained by the following means, thus completing the present invention. 
[0014] The objects described above of the present invention can be attained by the following means. 

1 . An organophosphorous composition comprising, as a principal component, an organophosphorous compound 
55 represented by the general formula (1 ): 
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(1) 



0=P — o 



H 



wherein and represent an organic group or a halogen atonfi, and m and n represent an integer of 0 to 4, pro- 
vided that R^ and R^ may be the same or different when m or n is an integer of 2 to 4, the composition further com- 
prising, as a compound other than the organophosphorous compound, a divalent metallic compound in an amount 
more than 30 ppm and not more than 2300 ppm in terms of a divalent metal based on the organophosphorous 
compound. 

2. The organophosphorous composition according to claim 1 , wherein the divalent metal is zinc. 

3. The organophosphorous composition according to claim 1 or 2, wherein the compound other than the organo- 
phosphorous compound is a halogen compound, the content of the halogen compound is not more than 250 ppm 
in terms of an amount of a halogen atom based on the organophosphorous compound. 

4. The organophosphorous composition according to claim 1, 2 or 3, which does not substantially contain an 
organic compound other than the organophosphorous compound. 

5. The organophosphorous composition according to any one of claims 1 to 4, which is in the form of powder. 

6. A method of producing an organophosphorous compound represented by the general fomiula (1): 



wherein R^ and R^ represent an organic group or a halogen atom, and m and n represent an Integer of 0 to 4, pro- 
vided that and may be the same or different when m orn is an integer of 2 to 4, which comprises the steps of: 

reacting an orthophenylphenol compound represented by the general fonnula (2): 




(1) 



o=p — o 



H 




(2) 



wherein R^ and R^ are as defined above, with phosphorous trihalide (PX3: X represents a halogen atom) and 
condensing the reaction product with heating in the presence of a Friedel-Crafts catalyst containing zinc chlo- 
ride to produce an organophosphous compound represented by the general fomiula (3): 
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wherein and are as defined above and X represents a halogen atom; and 

hydrolyzing the compound represented by the general formula (3) with water; the compound represented by 
the general fomnula (3) and water in the hydrolysis step are used in an equlmolar ratio and that the method fur- 
ther comprises a step of purifying the organophosphorous compound represented by the general formula (1) 
by further hydrolyzing the organophosphorous compound represented by the general Ibmfiula (1), which is 
obtained by passing through the hydrolysis step, followed by cyclodehydration. 

7. The method of producing the organophosphorous compound according to claim 6, wherein the compound rep- 
resented by the general formula (2). which has purity of not less than 80% and less than 1 00%, is subjected to the 
reaction after remarkably purifying by washing with an organic solvent. 

8. The method of producing the organophosphorous compound according to claim 6 or 7, wherein the compound 
represented by the general fomiula (3) is subjected to a hydrolysis step after subjected to a purification step. 

9. The method of producing the organophosphorous compound according to any one of claims 6 to 8, wherein the 
content of a zinc compound is adjusted more than 30 ppm and not more than 2300 ppm in terms of metallic zinc 
based on the organophosphorous compound represented by the general formula (1). 

1 0. The method of producing the organophosphorous compound according to any one of claims 6 to 9, wherein the 
content of a halogen compound is not more than 250 ppm in terms of an amount of a halogen atom based on the 
organophosphorous compound represented by the general formula (1). 

1 1 . The method of producing the organophosphorous compound according to any one of claims 6 to 1 0, wherein 
an organic compound other than the organophosphorous compound represented by the general formula (1) is not 

substantially contained. 

12. The method of producing the organophosphorous compound according to any one of claims 6 to 11, wherein 
the organophosphorous compound represented by the general formula (1) is In the forni of powder. 

13. An organophosphorous composition produced by derivation of an organophosphorous compound in the orga- 
nophosphorous composition of any one of claims 1 to 5 into an organophosphorous compound represented by the 
general formula (4): 




o=p — 0 

A 



wherein R^ and R^ represent an organic group or a halogen atom, m and n represent an Integer of 0 to 4, provided 
that R^ and R^ may be the same or different when m or n is an integer of 2 to 4, and A represents an organic group 
which is the same as or different from that of R^ and R^. 

14. The organophosphorous composition according to claim 13, wherein the organic group (A) In the general for- 
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muia (4) is an organic group containing an ester-fomiing functional group (B). 

15. A polyester composition comprising, as a principal component, a polyester obtained from an ester-forming 
component containing a dicarbaxylic add component and a diol component, the polyester containing, as the ester- 
tbrming component, an organophosphorous compound represented by the general formula (5): 

5 



10 




wherein and represent an organic group or a halogen atom, m and n represent an integer of 0 to 4, provided 
20 that R^ and R^ may be the same or different when m or n is an integer of 2 to 4, and B represents an ester-forming 
functional group, the polyester composition containing a divalent metallic compound In an amount not less than 1 
ppm and not more than 1 50 ppm In terms of a divalent metal based on the polyester. 

16. The polyester composition according to claim 15, which contains a divalent metallic compound In an amount 
not less than 1 ppm and not more than 50 ppm in temis of a divalent metal based on the polyester. 
25 1 7. The polyester composition according to claim 15 or 1 6, wherein the divalent metal is zinc. 

18. The polyester composition according to any one of claims 15 to 17, which contains an organophosphorous 
compound represented by the general fomnula (5) as the ester-fomiing component of the polyester in an amount 
not less than 500 ppm and not more than 5000 ppm In terms of an amount of a phosphorous atom. 

19. A method of producing the polyester composition of any one of claims 15 to 18, which comprises reacting an 
30 ester-forming component containing a dicarboxylic acid component and a diol component,whereln the organo- 

phosphorous composition of claim 14 is used as the dicartoxylic acid component and/or the diol component. 

20. The method of producing the polyester composition of claim 19, wherein an antimony compound is used as a 
condensation catalyst of the polyester. 



35 [0015] As a result of obtaining such a new knowledge that the reduction of an antimony compound is suppressed 
in case a divalent metal compound is present in a DOP derivative compound used in a copolymer component of a pol- 
yester. The divalent metal compound is incorporated In the amount to the degree where a complex is not formed in DOP 
based on the knowledge according to the present Invention. 

[0016] Controlling the amount of the divalent metal compound based on DOP can attain the objects described 
40 above. By incorporating the divalent metal in the amount, which exceeds 30 ppm, based on DOP, the color tone of the 
polyester using the DOP-derived compound is maintained satisfactorily From such a point of view, the amount of the 
divalent metal based on DOP is preferably controlled to 50 ppm or more, it is presumed the suppression of the reduction 
of the antimony compound is the result of the prior reduction of the divalent metal compound to the antimony com- 
pound. On the other hand, when the amount of the divalent metal based on DOP increases, a complex is liable to be 
45 formed during the reaction with an organic compound, thereby fonning an insoluble matter. In case the polyester Is 
spun, the operation properties tend to be lowered due to an increase in back pressure. Therefore, the amount of the 
divalent metal is preferably controlled to 500 ppm or less, more preferably 300 ppm or less, and most preferably 200 
ppm or less, based on DOP. 

[0017] A control of the content of the divalent metal within the predetermined range is easier than purification by 
50 complete removal of a catalyst residue after the synthesis of DOP, and is useful to simplify the purification step after the 
synthesis of DOR 

[0018] As the divalent metal, for example, various metals are used. To attain the objects described above, zinc is 
preferably used as a catalyst for producing DOP and Is also preferable In view of the preparation of the above organo- 
phosphorous composition. 

55 [0019] Usually, a halogen compound produced during the production is remained in the organophosphorous com- 
position containing DOP as a principal component; the content of the halogen compound is preferably controlled to 250 
ppm or less in temns of an amount of a halogen atom based on DOR The smaller the amount of the halogen atom 
based on DOP, the better. The amount of the halo^n atom is preferably controlled to 150 ppm or less. By reducing the 
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amount of the halogen content, the fomriation of the reaction impurity (for example, dimerization of a diol component 
such as ethylene glycol into diethylene glycol) during the production of a polyester using a DOP-derived compound, 
thereby making it possible to prevent a decrease in melting point of the polyester and to improve the heat resistance. 
[0020] Those, which are obtained by substantially removing an organic compound other than DOP, e.g. OPP as a 

5 raw material of DOP, from the organophosphorous composition containing DOP as the principal component, are supe- 
rior in whiteness, and do not require a melt-purification step such as vacuum distillation, thus making it possible to sim- 
plify the purification step. Such an organophosphorous composition is usually In the form of powder, and the powdered 
substance is easy to handle and is superior in solubility in an organk: solvent and productivity. The sentence "does not 
substantially contain an organic compound other than DOP" refers to the case where the purity of DOP in the organo- 

10 phosphorous composition is high to the degree where the organophosphorous composition is in the form of powder, for 
example, the case where the content of the organic compound other than DOP in the organophosphorous composition 
is 10000 ppm or less. 

[0021] In the method of producing DOP of the present invention, by using DOP-X and water in an equimolar ratio 
in the hydrolysis step, the formation of a waste liquor containing a hydrogen halide gas (e.g. hydrochloric acid waste 
15 liquor, etc.) is suppressed and, moreover, the hydrogen halide gas can be quantitatively separated and the content of a 
halogen compound in DOP can be reduced. By providing, as a purification step (b) for improving the purity of the result- 
ing DOP, a step of cyclodehydration after further hydrolyzing DOR the catalyst residue, halogen compound and impurity 
contained in OPP can be efficiently removed. 

[0022] In the production of DOP-X, by subjecting to a step (c) of remarkably purifying by washing crude OPP as a 

20 raw material in an organic solvent, the content of an organic compound other than the desired compound in DOP-X and 
DOP can be reduced and the purity of DOP-X and DOP can be improved by a simple operation. 
[0023] By subjecting to the step of hydrolyzing to DOP-X after subjected to the purification step (a), not only the 
removal of the catalyst residue, halogen compound and impurity contained In OPP, but also the control of the content 
of a zinc compound in DOP can be effectively conducted. 

25 [0024] According to such a production method of the present invention, the content of the catalyst residue, halogen 
compound, and organic compound other than the desired compound contained in OPP can be reduced. It is preferable 
to control the content of the zinc compound and that of the halogen compound based on DOP so that they are the same 
as those in the DOP composition. Preferred are powdered products wherein the organic compound other than DOP, 
such as OPP as a raw material, was substantially removed. 

30 [0025] The organophosphorous composition comprising the organophosphorous compound represented by the 
general formula (4) derived from the organophosphorous compound in the organophosphorous composition containing 
DOP as a principal component, and a predetemiined amount of the divalent metal compound, is a DOP derivative 
Incorporated with an organic group (A) appropriately according to various purposes of DOP, and also contains a prede- 
temiined amount of the divalent metal compound similar to the organophosphorous composition containing DOP as the 

35 principal component. Typical examples of the organic group (A) include an organic group containing an ester-fomning 
functional group (B), and the DOP derivative having an organic group represented by the general formula (5) Is used as 
the copolymer component of the polyester, thereby imparting the flame retardancy to the polyester. 
[0026] The polyester composition, whk;h contains the organophosphorous compound represented by the general 
fonmula (5) as the ester-fomiing component and the divalent metal compound in an amount not less than 1 ppm and 

40 not more than 1 50 ppm in terms of an amount of a divalent metal, exhibits good heat resistance and flame retardancy. 
Those, which contain the divalent metal compound in an amount not less than 1 ppm and not more than 150 ppm in 
temfis of an amount of a divalent metal based on the polyester, have an improved color tone of the polyester and exhibits 
good stability. 

[0027] In case the amount of the divalent metal is less than 1 ppm based on the polyester, when using an antimony 
45 compound as a polymerization catalyst of the polyester, the reduction of the antimony compound can be not sufficiently 
suppressed and the color tone of the polyester is not sufficiently improved. On the other hand, when the amount of the 
divalent metal exceeds 150 ppm, the thermal stability of the polyester is lowered and, moreover, the divalent metal 
forms a complex with a dye during the dyeing of the polyester, thereby causing a discoloration referred to as chameleon 
discoloration, which is not preferable. Therefore, the amount of the divalent metal is preferably controlled to 50 ppm or 
so less, and more preferably 30 ppm or less. 

[0028] As the divalent meal, zinc is preferable because it is superior in improvement in color tone of the polyester. 
[0029] It is preferable in view of the heat resistance and flame retardancy that the polyester composition contains 
the organophosphorous compound represented by the general fonnula (5) as the ester-forming component of the pol- 
yester in an amount not less than 500 ppm and not more than 500000 ppm in terms of a content of a phosphorous 
55 atom. The larger the content of the phosphorous atom, the better the flame retardancy Therefore, the content of the 
phosphorous atom is preferably controlled to 2000 ppm or more, and more preferably 3000 ppm or more. On the other 
hand, when the content of the phosphorous atom increases, lowering of the physical properties of the polyester and 
lowering of the operation properties in the production of the polyester tend to occur, the content of the phosphorous 
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atom is preferably controlled to 15000 ppm or less, and more preferably 6500 ppm or less. 

[0030] The polyester composition of the present invention can be produced by various methods, it is preferable to 
use, as a dicarboxylic acid component and/or a diol component, a compound represented by the general fomnula (5) 
(wherein the organic group (A) of the compound (DOP derivative compound) represented by the general formula (4) is 
an ester-fonning functional group (B)) containing a predetemnined amount of the divalent metal in the method of pro- 
ducing a polyester from an ester-fonning component containing the dicarboxylic acid component and diol component. 
When using an antimony compound as the polymerization catalyst of the polyester, the reduction of the antimony com- 
pound is suppressed by a predetermined amount of the divalent metal compound in the organophosphorous composi- 
tion, which is preferable. 

[0031] The method of preparing the organophosphorous composition comprising an organophosphorous com- 
pound (DOP) represented by the general formula (1): 




wherein and represent an organic group or a halogen atom, and m and n represent an integer of 0 to 4, provided 
that R^ and R^ may be the same or different when m or n is an integer of 2 to 4, and a predetennined amount of a diva- 
lent metallic compound according to the present invention Is not specifically limited as for as the divalent metal com- 
pound is contained in the organophosphorous composition in the predetennined amount based on DOR The 
organophosphorous composition may be those containing a predetermined amount of the divalent metal compound as 
impurity of DOP as a result of the production of DOP, or may be prepared by separately incorporating the divalent metal 
compound into DOP so that the amount of the divalent metal compound is a predetermined amount. 
[0032] Examples of the divalent metal compound include zinc compound, manganese compound, magnesium 
compound, calcium compound, barium compound, copper compound, iron compound, cobalt compound and the lilce. 
[0033] Examples of the organic group as for R^ and R^ in the general formula (1) include hydrocarbon group 
(e.g., straight-chain or branched alkyi group having about 1 to 4 carbon atoms; aryl group such as phenyl group; aralkyi 
group such as benzyl group; cycioalkyi group); alkoxy group,aryl group and araikyi group corresponding to the hydro- 
carbon group ; and carboxyl group or ester group thereof. Examples of the halogen atom include chlorine atom, bro- 
mine atom and the like. 

[0034] DOP is prepared in the following manner, for example, an orthophenylphenol compound (OPP) represented 
by the general formula (2): 




OH 

wherein R\ R^, n and m are as defined above, is reacted with phosphorous trihalide (PX3: X represents a halogen atom 
such as chlorine atom, bromine atom or the like) and the reaction product is condensed with heating in the presence of 
a Friedel-Crafts catalyst to produce a compound (DOP-X) represented by the general formula (5): 
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0=P — o 



wherein R\ R^, n and m are as defined above and X represents a halogen atom. 
15 [0035] A molar ratio of OPP to phosphorous trihalide (OPP:phosphorous trihalide) is usually from about 1 :1 to 1 :2, 
and preferably from about 1:1.1 to 1:1.5. 

[0036] Examples of the phosphorous trihalide include phosphorous trichloride, phosphorous tribromide and the 
like. Usually, phosphorous trichloride is used as the phosphorous trihalide. Since almost of the halogen compound 
remained in the organophosphorous composition of the present invention is derived from the phosphorous trihalide, the 
20 content of the halogen compound when using phosphorous trichloride as the phosphorous trihalide is the same as that 
of a chlorine compound. 

[0037] As the Friedel-Crafts catalyst, zinc chloride is preferably used. There can be employed, for example, metal 
halide (e.g. cuprous chloride, cupuric chloride, tin chloride, mercury chloride, iron chloride, etc.), metallic zinc, metallic 
aluminum, metallic copper, or oxide of these metals, which can be converted into a halide In the reaction system, in 

25 addition to zinc chloride. 

[0038] The catalyst is used so that the organophosphorous composition of the present invention contains at least 
a predetemiined amount of the divalent metal compound, usually is used in an amount within the range from about 0.05 
to 3 parts by weight, and preferably from about 0.1 to 1 parts by weight, based on 1 00 parts by weight of OPP. 
[0039] The reaction temperature is usually within the range from about 30 to 250°C, and preferably from about 50 
30 to 230°C. The reaction time varies depending on the reaction conditions such as reaction temperature, amount of the 
catalyst and the like, usually Is within the range from about 3 to 35 hours, and preferably from about 5 to 15 hours. The 
completion of the reaction is judged by a point of time where the evolution of a hydrogen halide gas caused with the 
progress of the reaction is terminated. 

[0040] Then, hydrolyzing DOP-X with water under heating produce DOR The reaction temperature of the hydroly- 
35 sis is within the range from about 50 to 25C°C, while the reaction time is within the range from about 1 to 1 0 hours. 
[0041] The amount of water is not specifically limited as far as it Is an equimolar amount or more relative to the 
amount of DOP-X. In case DOP-X and water react in an equimolar ratio,a waste liquor containing a hydrogen halide 
gas (e.g. hydrochloric acid waste liquor, etc.) is not produced and the hydrogen halide gas can be quantitatively sepa- 
rated, which is preferable. According to the method of reacting DOP-X and water in an equimolar ratio, DOP-X and 
40 water react in a molar ratio of 1 :1 and the reaction is conducted while removing the hydrogen halide gas produced dur- 
ing the reaction according to the production rate of the hydrogen halide gas. The completion of the reaction is judged 
by a point of time where the evolution of a hydrogen halide gas caused with the progress of the reaction is temiinated. 
[0042] When using excess amount of water in the hydrolysis, OOP is further hydrolyzed and, therefore, the hydro- 
lyzate of DOP is converted into OOP by cydodehydratlon with heating after isolating the hydrolyzate of DOR The cydo- 
45 dehydration with heating is usually conducted at about 1 1 0-1 80^0 under reduced pressure within the range from about 
10 to 15kPa. 

[0043] The hydrolysis can also be conducted in the presence of an organic solvent. Examples of the organic solvent 
include aromatic solvents such as toluene, o-xylene, m-xylene, p-xylene, ethylbenzene, chlorobenzene, dichloroben- 
zene and the like. The amount of the organic solvent is 1 000 parts by weight or less, and preferably 500 parts by weight 
50 or less, based In 1 00 parts by weight of OPP as the raw material. 

[0044] DOP Is usually produced in such way. The organophosphorous composition of the present invention Is pre- 
pared so that a predetermined amount of the divalent metal compound is contained in the resulting DOP in the produc- 
tion process of DOP and that the content of the halogen compound and that of the organto compound other than DOP 
are reduced. 

55 [0045] The organophosphorous composition may take any fomri of bulk, flock, flake and powder, preferably is in the 
form of powder. The organophosphorous composition can be fonned into powders by using various means such as pul- 
verization. The powdered organophosphorous composition can be obtained by removing impurities in the organophos- 
phorous composition using the following method. 
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[0046] In the method of producing DOR the organophosphorous composition of the present invention can be pre- 
pared by a method (a) of purifying DOP-X after its production and a method (b) of purifying DOP-X after its hydrolysis. 
[0047] In the method (a) of purifying DOP-X after its production, the catalyst residue and halogen compound can 
be removed and the content of the divalent metal compound in the resulting purifying DOP-X after its production can be 

5 controlled. Impurities contained in OPP can also be removed. 

[0048] Specific examples of the method (a) include a method (a1) of washing with an organic solvent, a method 
(a2) of vacuum distillation and a method (a3) of recrystallization. Examples of the organic solvent In the method (a1) 
Include aromatic solvents such as toluene, o-xylene, m-xylene, p-xylene, ethylbenzene, chlorobenzene, dlchloroben- 
zene and the like. Among these organic solvents, toluene is preferable because it sufficiently dissolves impurities in 

10 OPP. The amount of the organic solvent is 0.05% by weight or more based on DOP-X and DOP-X can be washed with 
a small amount of the organic solvent. The upper limit of the amount of the organic solvent is not defined, preferably is 
50% by weight or less based on DOP-X. The washing/purification of DOP-X is conducted by adding a predetermined 
amount of the organic solvent, dissolving DOP-X with stirring and removing the supernatant. The method (a2) of vac- 
uum distillation is conducted at about 220-250°C under reduced pressure of about 133 Pa. The method (a3) of recrys- 

15 talllzation is conducted by recrystallizing from alcohol. Among these purification methods (a), the method (a1) is 
preferable because of its simple operation. 

[0049] In the method (b) of purifying DOP after its hydrolysis, the purity of DOP Is enhanced by removing the cata- 
lyst residue, halogen compound and Impurities contained In OPP. DOP thus obtained is superior in whiteness because 
of high purity, and is in the form of fine powder. 

20 [0050] In the purification method (b), when using an excess amount of water in the hydrolysis of DOP-X, the hydro- 
lyzate of DOP is isolated and then the hydrolyzate of DOP is subjected to the purification (b1 ) in order to conduct cydo- 
dehydration with heating. The hydrolyzate of the purified DOP is converted Into a white crystal. 
[0051 ] Tlie purification (b1 ) of the hydrolyzate of DOP Is appropriately conducted In the presence or absence of the 
organic solvent on hydrolysis. In case (b1-1 ) the organic solvent is absent on hydrolysis, the hydrolyzate of DOP is puri- 

25 fied by the method of distilling the hydrolyzate of DOP, the method of recrystallization, or the method of adding an alka- 
line metal hydroxide, followed by heating, decoloring and deposition with acid. In the method of distillation and method 
of recrystallization, the same method as that of the purification methods (a) can be employed. Examples of the alkaline 
metal hydroxide Include sodium hydroxide, potassium hydroxide, calcium hydroxide, magnesium hydroxide, aluminum 
hydroxide and the like. In the decoloring treatment, activated carbon, activated china clay orthe like is used. In the dep- 

30 osition with acid, sulfuric acid, hydrochloric acid or the like is used. 

[0052] In case (b1-2) the organic solvent is present on hydrolysis, the purification is conducted by separating the 
aqueous layer, optionally washing the oil layer with water several times while heating under pressure, removing residual 
water from the oil layer and subjecting to a decoloring treatment If necessary, the hydrolyzate of DOP is purified by 
washing with water, washing with the organic solvent and filtration. In the decoloring treatment, the same method as 

35 described above can be employed. 

[0053] In case the hdyrolysis reaction is conducted by using water in an equimolar amount relative to the amount 
of DOP-X, DOP is obtained as the reaction product. Therefore, the resulting DOP is subjected to the purification (b2) 
after the completion of the reaction. The purification (b2) of DOP can be conducted by the method of adding the organic 
solvent to DOP, followed by cooling, filtration of the product and washing with the organic solvent, the method of dtstll- 

40 lation or the method of recrystallization (b2-1). DOP obtained by the hydrolysis reaction using water in an equimolar 
amount relative to the amount of DOP-X can be subjected to the purification (b2-1) of DOP. Alternatively, the resulting 
DOP can also be subjected to the same purification (b2-2) by adding hot water and hydrotyzing DOP thereby converting 
Into a hydrolyzate (b1 : any of b1 -1 and b1 -2). In this case, the hydrolyzate of DOP Is subjected to cydodehydration after 
the purification (b2-2). The purification {b2) of DOP can also be conducted after the purification (b1) of DOR 

45 [0054] Among these purification methods (b), the method of further hydrolyzing the resulting DOP and purifying the 
hydrolyzate of DOR followed by cydodehydration is preferable (b2-2). The same operation as that of (b1 -1) is preferable 
as the purification means in (b2-2). When the hydrolysis reaction is conducted by using water in an equimolar amount 
relative to the amount of DOP-X, a hydrochloric acid waste liquor is not produced and DOP can be efficiently purified 
by the hydrolysis, thereby making it possible to enhance the purity of DOP. 

50 [0055] The content of the organkj compound other than DOP can be reduced by the method (c) of using high-purity 
OPP as the raw material, in addition to the method described above. The high-purity OPP is usually prepared by wash- 
ing OPP having a purity of 80% or higher with an organic solvent. Examples of the organic solvent include aromatic sol- 
vents such as toluene, o-xylene, m-xylene, p-xylene, ethylbenzene, chlorobenzene, dichlorobenzene and the like. 
Among these organte solvents, toluene is preferable because It sufficiently dissolves impurities in OPR The amount of 

55 the organic solvent Is 0.05% by weight or more based on OPP and OPP can be washed with a small amount of the 
organic solvent The upper limit of the amount of the organic solvent is not defined, preferably is 50% by weight or less 
based on OPP. The washing/purification of OPP is conducted by adding a predetemnined amount of the organic solvent, 
dissolving OPP with stining and removing the supernatant 
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[0056] The method of synthesizing OPP is described in Japanese Unexamined Patent Publication (Kokai) No. Sho 
60-18444, Japanese Unexamined Patent Publication (Kokai) No. Sho 65-33417, Japanese Unexamined Patent Publi- 
cation (Kokai) No. Sho 56-20533, Japanese Unexamined P&tent Publication (KokaQ No. Sho 62-4442 and Japanese 
Unexamined Patent Publication (Kokai) No. Hei 5-201904. According to these methods, however, dibenzofuran, o- 
5 cyclohexenylcydohexane, 2-cyctohexylphenol or the like as a starting material of OPP is remained as impurity in the 
resulting OPR 

[0057] The organophosphorous composition comprising DOP as a main component according to the present 
Invention can be prepared by the production methods described above, and can also be prepared by separately incor- 
porating a divalent metal compound in DOR Specific examples of the divalent metal compound to be separately incor- 
10 porated include acetates such as zinc acetate, manganese acetate, magnesium acetate, calcium acetate, barium 
acetate, copper acetate, iron acetate and cobalt acetate; chlorides; and hydroxides. 

[0058] DOP in the organophosphorous composition comprising a predetemnined amount of the divalent metal com- 
pound thus obtained according to the present invention is derived into an organophosphorous compound represented 
by the general formula (4): 

IS 



20 




o^p — o 

25 I 

A 



wherein and R^ represent an organic group or a halogen atom, m and n represent an integer of 0 to 4, provided that 
30 R^ and R^ may be the same or different when m or n is an integer of 2 to 4, and A represents an organic group which 
is the same as or different from that of R^ and R^. The organophosphorous compound represented by the general for- 
mula (4) also contains a predetermined amount of the divalent metal compound. 

[0059] The derivation of DOP into the organophosphorous compound represented by the general fonnula (4) can 
be conducted, for example, by the method of the Michael addition reaction of DOP to an a,P-unsaturated carboxyfic acid 
35 compound, the method of adding to an aldehyde compound, a carbonyt compound or the like, the method of adding to 
an oxirane compound, the method of reacting with an aromatic compound such as phenol compound capable of react- 
ing with DOP in the presence of a Friedel-Crafts catalyst, or the method of reacting with a compound having a hydroxyl 
group capable of conducting dehydration condensation with DOP. 

[0060] In the general formula (4), the organic group (A) is not specifically limited and the organic group (A) is not 
40 limited to those, which are directly introduced into the derivative. In case the organic group (A) has a functional group, 
it includes those obtained by reacting the functional group with an organic compound on or after the Introduction of the 
organic group (A) having a functional group into DOP. 

[0061] Examples of the organic group (A) include various groups. An organophosphorous compound having an 
organic group containing an ester-forming functional group (B) such as hydroxyl group, carisoxyl grouop, carboxylate 
45 group or the like, which is represented by the general fonnula (5), is used as a polyester-forming component, thereby 
imparting the heat resistance and flame retardancy to the polyester. Specific examples of the organophosphorous com- 
pound having an ester-forming functional group (B), which is represented by the general fonnula (5), include those rep- 
resented by the following chemical formulas (a) to (z) and (z1 ) to (z4). 

50 



55 
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[0062] The polyester composition comprising a predetermined amount of the organophosphorous compound rep- 
resented by the general formula (5) as an ester-fonning component of the polyester, and a divalent metal compound in 
a predetermined amount based on the polyester according to the present invention can be produced In the method of 
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producing a polyester from an ester-forming component comprising a dicarboxylic acid component and a diol compo- 
nent by using the organophosphorous composition comprising the organophosphorous compound represented by the 
general formula (5) as the ester-forming component of the polyester, and a predetemiined amount of a divalent metal 
compound according to the present invention. The amount of organophosphorous compound represented by the gen- 
5 eral formula (5) is preferably not less than 500 ppm and not more than 50000 ppm in terms of the content of a phospho- 
rous atom in the polyester. Such a polyester is described, for example, in Japanese Examined Patent Publication 
(Kolcolcu) No. Sho 56-41610. 

[0063] Examples of the dicarboxylic acid component include aromatic dicarboxylic acids such as terephthalic acid, 

isophthalic acid, 2,6-naphthalenedicarboxylic acid, 1 ,5-naphthatenedicarboxylic acid, 4,4'-diphenyld]carboxylic acid, 
10 bis(4-carboxyphenyl)ether, bis(4-carboxyphenyl)sulfone, 1,2"bis(4-carboxyphenoxy)ethane, 5-sodium sulfoisophthalic 
acid, 2,5-dibromoterephtalic acid and tetrabromoterephthalic acid; aliphatic dicarboxylic acids such as adipic acid, 
azelaic acid and sebacic acid; and alicyclic dicarboxylic acids such as hexahydroterephthalic acid and lower alcohol 
ester thereof. Examples of the diol component Include ethylene glycol, 1 ,2-propylene glycol, trimethylene glycol, tetram- 
ethylene glycol, neopentyl glycol, 1 ,4-cyclohexanediol, 1 ,4-cyclohexanedimethanol, polyethylene glycol, bisphenol A, 
IS bisphenol S and the iilce. As the polymerization method and polymerization catalyst, there can be used those, which 
have conventionally been used in the prodcution of the polyester, without any limitation. Various additives such as sta- 
bilizers and matting agents are optionally added. 

[0064] In the production of the polyester, the organophosphorous composition comprising the organophosphorous 

compound having an organic group as an ester-forming functional group, which is represented by the general fonnula 
20 (5), and a predetermined amount of a divalent metal compound according to the present invention can be applied in 
case of employing any of the ester interchange method and direct esterification method. In case of using any method, 
an antimony compound as a polymerization catalyst is added in the polymerization reaction. The reduction of the anti- 
mony catalyst is suppressed by a predetennined amount of the divalent metal compound In the organophosphorous 
composition. 

25 [0065] Examples of the antimony catalyst include antimony compounds such as antimony trioxide, antimony pen- 
taoxide, antimony glycolate, antimony glycollate, antimony acetate, antimony phenolate and the like. 
[0066] In the production of the polyester composition of the present invention, an organophosphorous composition 
containing an organophosphorous compound represented by the general formula (5) and a predetermined amount of 
a divalent metallic compound can be used, as described above. The polyester composition of the present Invention can 

30 also be produced by adding a divalent metallic compound before or after the esterification or ester Interchange, or 
before polymerization, in the production of a polyester using the organophosphorous compound represented by the 
general formula (5). 

[0067] The Examples of the present Invention will now be described, but the present invention is not limited to the 
following Examples. In the Examples, parts and percentages are by weight unless otherwise stated. 

35 

Example 1-1 (Synthesis of DOP composition) 

[0068] To 1000 parts of crude orthophenylphenol (OPP) having a purity of 95%, 4.9 parts of toluene was added. 
After stirring at room temperature for about one hour, a supernatant was removed. Then, 1 000 parts of orthophenylphe- 
40 nol and 1009 parts of phosphorous trichloride were charged in a reaction vessel at a molar ratio of 1:1.25 and, after 
mixing at room temperature for one hour and heating the mixture to 150°C over five hours, hydrogen chloride was 
evolved. To this was added 5.9 parts of zinc chloride, and then the reaction was conducted at 200°C for four hours to 
obtain 6-chloro-{6H)-dibenzo-(c,e)(1 ,2)-oxaphosphorine (DOP-X). 

[0069] The resulting DOP-X was purified by adding 500 parts of toluene to DOP-X, stirring at room temperature for 
45 about one hour and removing a supernatant. 

[0070] To this was added 77 parts of water so that a molar ratio of orthophenylphenol to water is 1 :1 . Then, 1000 
parts of toluene was added and the hydrolysis was conducted under reflux and, at the same time, a hydrogen chloride 
gas evolved was removed. 

[0071] After 1 000 Parts of hot water at SO-eO'^C was added ,and stirring, the aqueous layer was removed by sepa- 
50 ration and the resultant was washed with 500 parts of water three times. Water in the oil layer was removed by azetropic 
dehydration and the oil layer was treated with activated carison, followed by the addition of 2000 parts of water, disso- 
lution and cooling. The solid was collected and washed with 1000 parts of water. The solid was dehydrated at 130X 
under reduced pressure of 13.3 kPa to obtain powdered 6-oxo-(6H)-dibenzo-(c,e)(1,2)-oxaphosphorine (DOP). DOP 
could also be recovered from the filtrate. 
55 [0072] The content of metallic zinc and that of a chlorine atom in the DOP composition were measured by atomic 
absorption spectrometry and ion ch romatography. The content of the organfe compound as impurity was detemnined by 
NMR analysis and IR analysis. There are shown in Table 1 
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Example 2-1 

[0073] The same operation as in Example 1 -1 was conducted up to the hydrolysis reaction, except that DOP-X was 
not treated with toluene after its production. The product was cooled to separate a white granular product. Then, 8000 
5 Parts of an aqueous 8% sodium hydroxide solution was added and this solution was neutralized. The solution was fil- 
tered through activated carbon and an aqueous 20% sulfuric acid solution was gradually added to the filtrate to obtain 
a white crystal. The white crystal was dehydrated at 130°C under reduced pressure of 13.3 kPa to obtain a powdered 
DOP composition. The content of metallic zinc, that of a chlorine atom and that of an organic compound as impurity in 
the DOP composition are shown in Table 1. 

TO 

Example 3-1 

[0074] In the same manner as in Example 1 -1 , except that DOP-X was not treated with toluene after its production, 
a powdered DOP composition was obtained. The content of metallic zinc, that of a chlorine atom and that of an organic 
IS compound as impurity in the DOP composition are shown in Table 1 . 

Example 4-1 

[0075] The same operation as in Example 1 -1 was conducted up to the hydrolysis reaction, except that DOP-X was 
20 not treated with toluene after its production, and a powdered DOP composition was obtained in the same manner as in 
Example 1 -1 , except that the times of washing with water was changed to two. The content of metallic zinc, that of a 
chlorine atom and that of an organic compound as impurity in the DOP composition are shown in Table 1 . 

Example 5-1 

25 

[0076] The same hydrolysis reaction as in Example 1-1 was conducted, except that OPP was not treated with tol- 
uene and DOP-X was not treated with toluene after its production, and a powdered DOP composition was obtained in 
the same manner as in Example 1-1 . The product was cooled to separate a white granular product. Then, 8000 Parts 
of an aqueous 8% sodium hydroxide solution was added and this solution was neutralized. The solution was filtered 
30 through activated carbon and an aqueous 20% sulfuric acid solution was gradually added to the filtrate to obtain a white 
crystal. The white crystal was dehydrated at 130°C under reduced pressure of 13.3 kPa to obtain a powdered DOP 
composition. The content of metallic zinc, that of a chlorine atom and that of an organic compound as impurity in the 
DOP composition are shown in Table 1 . 

35 Example 6-1 

[0077] The same hydrolysis reaction as in Example M was conducted, except that OPP was not treated with tol- 
uene. The product was cooled to separate a white granular product Then, 8000 Parts of an aqueous 8% sodium 
hydroxide solution was added and this solution was neutralized. The solution was filtered through activated carbon and 
40 an aqueous 20% sulfuric acid solution was gradually added to the filtrate to obtain a white crystal. The white crystal was 
dehydrated at 130®C under reduced pressure of 13,3 kPa to obtain a powdered DOP composition. The content of 
metallic zinc, that of a chlorine atom and that of an organic compound as impurity in the DOP composition are shown 
in Table 1 . 

45 Comparative Example 1 -1 

[0078] The same hydrolysis reaction as in Example 1-1 was conducted, except that DOP-X was not treated with 
toluene after its production. Then, the product was cooled by adding 1 000 parts of toluene. The product was cooled and 
the solid product was collected by filtration. The solid product was washed with 300 parts of toluene to obtain a pow- 
50 dered DOP composition. The content of metallic zinc, that of a chlorine atom and that of an organic compound as impu- 
rity in the DOP composition are shown In Table 1 . 

Comparative Example 2-1 

55 [0079] The same operation as in Example 1-1 was conducted up to the production of DOP-X. Then, 8000 parts of 
water was added and the hydrolysis was conducted under reflux in the presence of excess water. The product was 
cooled and a white granular product was filtered. Then, 8000 Parts of an aqueous 8% sodium hydroxide solution was 
added and this solution was neutralized. The solution was filtered through activated carbon and an aqueous 20% sul- 
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furic acid solution was gradually added to the filtrate to obtain a white crystal. The white crystal was dehydrated at 
130^0 under reduced pressure of 13.3 kPa to obtain a powdered OOP composition. The content of metallic zinc, that 
of a chlorine, atom and that of an organic compound as impurity in the DOR composition are shown in Table 1 . 

5 Example 1-2 (Synthesis of OOP derivative composition) 

[0080] Under a nitrogen atmosphere at 1 60*'C,21 6 Parts of DOP obtained in Example M , 1 30 parts of itaconic acid 
and 346 parts of ethylene glycol were subjected to react for two hours while distilling off water to obtain a compound 
corresponding to the compound (x). An Insoluble matter complex was not found in the resulting compound. 

10 

Examples 2-2 to 6-2 

[0081] In the same manner as In Example 1 -2, except that DOP obtained in Examples 2-1 to 6-1 was used in place 
of DOP obtained in Example 1 -1 . compounds corresponding to the compound (x) were produced. An insoluble matter 
15 complex was not found in the resulting compounds. 

Comparative Example 1-2 

[0082] In the same manner as in Example 1 -2, except that DOP obtained in Comparative Example 1 -1 was used in 
20 place of DOP obtained in Example 1-1, a compound con^esponding to the compound (x) was produced. An insoluble 
matter complex was found in the resulting compound. 

Comparative Example 2-2 

25 [0083] In the same manner as in Example 1 -2, except that DOP obtained in Comparative Example 2-1 was used in 
place of DOP obtained in Example 1-1, a compound con'esponding to the compound (x) was produced. An insoluble 
matter complex was not found in the resulting compound. DOP obtained in Comparative Example 2-1 was used after 
grinding because it » flalcy. 

30 Example 1-3 (Synthesis of polyester) 

[0084] In an autoclave made of stainless steel equipped with a stin-er, a distillation column and a pressure control- 
ler, 401 parts of terephthalic acid, 67 parts (content of phosphorous based on the resulting polyester: 6000 ppm) of the 
DOP derivative composition obtained in Example 1-2 and 259 parts of ethylene glycol were charged. Then, 16 parts of 

35 an ethylene glycol solution of antimony trioxide (1 4 g/liter) and triethylamine were added and the mixture was subjected 
to esterify at 230''C under a gauge pressure of 0.245 MPa for two hours while removing water to be produced. Subse- 
quently, the pressure in the system was gradually decreased to 13.3 Pa white rising the temperature in the system to 
276''C for one hour, and then the copotymerizatlon reaction was conducted under these conditions for two hours. The 
intrinsic viscosity of the resulting polyester was 0.620, while the value L and value b as the color value were respectively 

40 56.4 and 3.5. 

[0085] Intrinsic viscosity: It was measured at 30°C using a mixed solution of phenol and 1,1 ,2,2-tetrachtoroethane 
in a weight ratio of 3:2. 

[0086] Color value: It was measured by a H unter color difference meter using a polyester chip. The larger the value 
L, the stronger the whiteness. The larger the value b, the stronger the yellowish color. 

45 

Examples 2-3 to 6-3 

[0087] In the same manner as In Example 1-3, except that the DOP derivative composition obtained in Examples 
2-2 to 6-2 was used in place of the DOP derivative composition obtained In Example 1-2, polyesters were produced. 
50 The intrinsic viscosity, value L and value b of the resulting polyesters are shown In Table 1 . 

Comparative Examples 1 -3 to 2-3 

[0088] In the same manner as in Example 1 -3, except that the DOP derivative composition obtained in Comparative 
55 Examples 1-2 to 2-2 was used in place of the DOP derivative composition obtained in Example 1-2, polyesters were 
produced. The intrinsic viscosity, value L and value b of the resulting polyesters are shown in Table 1 . 
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Example 7 

[0089] tn the same manner as in Example 1 -3, except that the DOP derivative composition obtained in Comparative 
Example 2-2 was used In place of the DOP derivative composition obtained in Example 1 -2 and 0.84 parts (1 0 ppm/pol- 
5 yester) of an ethylene glycol solution of zinc acetate (20 g/liter) was added before the esterifrcation, a polyester was pro- 
duced. The intrinsic viscosity, value L and value b of the resulting polyester are shown in Table 1. 
[0090] The results of the Examples, Comparative Examples, Application Examples and Comparative Application 
Examples described above are summarized in Table 1. 
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[0091] As is apparent from the results of Table 1 , a color tone of a polyester is maintained at a white color even in 
case of using an antimony catalyst by controlling the content of a divalent metal within a predetermined range. A com- 
plex is not formed because of low content of the divalent metal and, moreover, the formation of diethylene glycol as a 
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by-product can be suppressed by reducing the content of a chlorine (halogen) atom. Furthermore, powdered DOP can 
be obtained by reducing an organic impurity. 

Claims 

1 . An organophosphorous composition comprising, as a principal component, an organophosphorous compound rep- 
resented by the general formula (1): 




H 

wherein and represent an organic group or a halogen atom, and m and n represent an integer of 0 to 4, pro- 
vided that R^ and R^ may be the same or different when m or n is an integer of 2 to 4, the composition further com- 
prising, as a compound other than the organophosphorous compound, a divalent metallic compound in an amount 
more than 30 ppm and not more than 2300 ppm in temns of a divaler^t metal based on the organophosphorous 
compound. 

2. The organophosphorous composition according to claim 1 , wherein the divalent metal is zinc. 

3. The organophosphorous composition according to claim 1 or 2, wherein the compound other than the organophos- 
phorous compound Is a halogen compound, the content of the halogen compound is not more than 250 ppm in 
ternis of an amount of a halogen atom based on the organophosphorous compound. 

4. The organophosphorous composition according to claim 1 , 2 or 3, which does not substantially contain an organic 
compound other than the organophosphorous compound. 

5. The organophosphorous composition according to any one of claims 1 to 4, which is In the fom of powder. 

6. A method of producing an organophosphorous compound represented by the general formula (1 ): 




o=p — o 



H 



wherein R^ and R^ represent an organic group or a halogen atom, and m and n represent an integer of 0 to 4, pro- 
vided that R^ and R^ may be the same or different when m or a is an integer of 2 to 4, which comprises the steps of: 

reacting an orthophenylphenol compound represented by the general formula (2): 
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(2) 



wherein and are as defined above, with phosphorous trihalide (PX3: X represents a halogen atom) and 
condensing the reaction product with heating in the presence of a Friedel-Crafts catalyst containing zinc chlo- 
ride to produce an organophosphorous compound represented by the general formula (3): 



wherein and R^ are as defined above and X represents a halogen atom; and 

hydrolyzing the compound represented by the general formula (3) with water; the compound represented by 
the general fonnula (3) and water in the hydrolysis step are used in an equimolar ratio and that the method fur- 
ther comprises a step of purifying the organophosphorous compound represented by the general fomnula (1) 
by further hydrolyzing the organophosphorous compound represented by the general formula (1), which is 
obtained by passing through the hydrolysis step, followed by cyclodehydration. 

7. The method of producing the organophosphorous compound according to claim 6, wherein the compound repre- 
sented by the general fomiula (2). which has purity of not less than 80% and less than 100%, Is subjected to the 
reaction after remarl<abiy purifying by washing with an organic solvent. 

8. The method of producing the organophosphorous compound according to claim 6 or 7, wherein the compound rep- 
resented by the general fonnula (3) is subjected to a hydrolysis step after subjected to a purification step. 

9. The method of producing the organophosphorous compound according to any one of claims 6 to 8, wherein the 
content of a zinc compound is adjusted more than 30 ppm and not more than 2300 ppm In terms of metallic zinc 
based on the organophosphorous compound represented by the general formula (1). 

10. The method of producing the organophosphorous compound according to any one of claims 6 to 9, wherein the 
content of a halogen compound is not more than 250 ppm in terms of an amount of a halogen atom based on the 
organophosphorous compound represented by the general formula (1). 

11. The method of producing the organophosphorous compound according to any one of daims 6 to 10, wherein an 
organic compound other than the organophosphorous compound represented by the general fomnula (1) is not 
substantially contained. 

12. The method of producing the organophosphorous compound according to any one of claims 6 to 1 1, wherein the 
organophosphorous compound represented by the general formula (1) is In the fonn of powder. 

13. An organophosphorous composition produced by derivation of an organophosphorous compound in the organo- 
phosphorous composition of any one of claims 1 to 5 into an organophosphorous compound represented by the 
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general formula (4): 
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wherein and represent an organic group or a halogen atom, m and n represent an integer of 0 to 4, provided 
that R^ and R^ may be the same or different when m or n is an integer of 2 to 4, and A represents an organic group 
which is the same as or different from that of R^ and R^. 

20 14. The organophosphorous composition according to claim 13, wherein the organic group (A) in the general fonnula 
(4) is an organic group containing an ester-fbmning functional group (B). 

15. A polyester composition comprising, as a principal component, a polyester obtained from an ester-fomning compo- 
nent containing a dicarboxylic acid component and a diol component, the polyester containing, as the ester-forming 
25 component, an organophosphorous compound represented by the general fonnula (5): 




40 wherein R^ and R^ represent an organic group or a halogen atom, m and n represent an integer of 0 to 4, provided 
that R^ and R^ may be the same or different when m or n is an integer of 2 to 4, and B represents an ester-forming 
functional group, the polyester composition containing a divalent metallic compound In an amount not less than 1 
ppm and not more than 150 ppm in terms of a divalent metal based on the polyester. 

45 16. The polyester composition according to claim 15, which contains a divalent metallic compound in an amount not 
less than 1 ppm and not more than 50 ppm in temns of a divalent metal based on the polyester. 

17. The polyester composition according to claim 15 or 16, wherein the divalent metal is zinc. 

50 18. The polyester composition acconding to any one of claims IS to 17, which contains an organophosphorous com- 
pound represented by the general formula (5) as the ester-fomning component of the polyester in an amount not 
less than 500 ppm and not more than 5000 ppm in temns of an amount of a phosphorous atom. 

19. A method of producing the polyester composition of any one of claims 15 to 18, which comprises reacting an ester- 
55 forming component containing a dicarboxylic acid component and a diol component,wherein the organophospho- 
rous composition of daim 14 is used as the dicarboxylic add component and/or the diol component 

20. The method of producing the polyester composition of claim 1 9, wherein an antimony compound is used as a con- 
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densation catalyst of the polyester. 
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